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(54)TitIe: METHOD AND APPARATUS FOR PRODUCING MASK 



(57) Abstract 

A method of making a mask is provided to produce a 
low-cost phase-shift reticle and a low-cost reticle for 
correction exposure in a short time. Master patterns 
(PA 1 -PCI), i.e., enlarged final device patterns are drawn to 
make a master reticle (MR). Opaque patterns (PA2-PC2) are 
formed on a substrate (Rl) by reduction transfer of the 
master patterns (PA 1 -PCI) of the master reticle (MR), and a 
phase-shiA reticle (WRl) is then produced by forming phase 
shifters (SA-SD). Opaque patterns (PA3-PC3) are formed on 
the substrate (R2) by reduction transfer of the master 
patterns (PA 1 -PCI) of the master reticle (MR) with less 
exposure than the exposure for the phase-shift reticle (WRl) 
so that a reticle (WR2) for correction exposure is produced. 
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T, B^mW<t>SB6 2 - 5 0 8 1 m'j^mz^l^X&lSzyy h U^i>)V 
e it § ffi :7 :57 1/ 5^ /7 ; p J: CO 0f S <D il ^ / N" r^' — > fC ^ J$: $ it T fiE 

ip-^Sj©7l6®{4ffiS^©S2pffli^03j§^fr^bT7c (rad) fftfT 
^^gB^^'iiiTt/^ - > fc-Sf-r § cfc 5 (c{4ffl -> :7 3^ ^ j^fig-r -5 ;i i =t 

B2^|l#pg3p4 _ 7 6 5 5 1 ^i^fBtCii^iT. ■Sffiv-y N 1^5^^ 

20 ^nxv^-So 

±150^0 <t^5i5«, ^.mi^y Y u^i7)v^mm-r^:i^\zj:-ox^\: 

CD itmzyy h u^i'ji^m.m i^xMrnwi^iz/'^^- 

25 fe. 
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U^^^JVCDWi^^T. h. X>\^^Xlity'/-^-i X<Dmi&ZlX h^MKU^t^^^ 

:^mm\tmA^^.'^jz^p^. &myy h u^^j\^^miEmytm(D\^^^ 
juii^mmmiz. ^^-Di&zix hizmi^x'^^-^:^i7(Dmiy&:^&^mmT 

M{c. ^^m\i. &myy hu^^)itmiEm^m<Du^i^)it^M 
mmizmj^xm^^X'^<Dmm:ijm^mm^^:iii=&f$2comff]ii-r^, 

^tz. ^mm\t^<DmiEmytm(Du^^ji^^mmmiz. i!)^-D{&uxh 
\zmmx^^-rx^<Dm.m:^i£im^-t^zt^^3(Dm^ii-t^o 

^^miz^^mi(D-^xi7<Dmm:fjmt. ^mi^y v-^t.^ (wrd 
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-r^wjzmm-^n^miEmytmcDTx^ (wr2) t^mmr^fctb(D 
'^^i7(Dmmyjm'r$>^-c. m,n'^-y (pai-pcd ^%\mm. 

±lzm^}^X-7Xt^—rX^ (MR) *f^KL. mi OD*#©fe,i:T-e 

2«^±{cm^®feffi>':7 hgg (SA~SD) $j^^iK-r^;iitcJ::3T 

m 2 =b iT^OD x'X ^- ©j^A"^- >5.^ 3 

S^lchlrJc^T-ecDil^iES^fflcov;;?.^ (WR2) ^f^^-T-S feo 

^mz\t. t<D^B^^jha^mm\zn\.x^<D^3mm^y'y^-ti7. 
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^(Dmiz. m/'^^->^m^(D^^^m/'^^->iz:^wiLxm^«[<D-r 

\/a (l/aJi, m?L\-S.l/A, 1/5^) TB3®^^ L;a;/0^' ?)^^ 
Xi7 (WR 1) C0A^->(Dte^^*^figS^{-i;oTjiiIEt--5l^{Cffi 

ffl$n^^iES5tffi(DV7>i^ (WR2) S:SJii-r'5;tae)©TXi70Sii 
■Jsmx^-DT. liA^->Sr^lS« (R) ±{C?g^bTVX^-v;^ 
i7 (MR) Srf^ML, h V7,^0il^A°:i7->S:Jgi5g-r§ 

mm:&miz^^T. ^o^mitm^mcD-^T.c^'m.mmiz, f)^-D{&u7.v 
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5 nrz^X^--^7.i7 (MR) Xy' — i^ (13) ^ 

(DVX^fflCOli^roTX^a^ (R 1 . R2) Srll^^^it LTfieS^fe 
T^S«7.5^->? (8, 9) ^cDVXi7X7^-v?±©^<D-7X;S' — 
■^X^' ^H?.BJ-r ^BSHJ^^?^ (1-5) -^-COVJ^^'-VX^COMA" 
iS' — ><D « 5: ^ © S IS X -7" - ± © V Z ^ S « _h 1 1 ^ -r -5 S 7t ^ 1^ 

10 (PL) <h. Mjg*f^©-vx^©a^{c;&i;T^(D-77.^s«{c^-rs 
^ (16) t$wr-s>t)©T*^, »f56^^*^B^©v7>^;7®Migset 

-x'X^ (MRl, MPi) Sf^if-f^m 1 iSt, miro^fl^COfet 

20 -7;;?.i:7 (WRl) *M-r^m2I@<h, 1 ©^f!t=<!:«S75:-5^ 

-r-5C:t(;=t^T<^iES7tffl©V7.d7 (WR2) ^f^iS-T -Sm 3 <!:, 
tS:m4S« (W) ±t::-&fiKS3t-r^m'4lSt^^-r^feCDTS'5. 
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V 7> ^ ^ ffl t. i T 5^ A -f X a « ± f C AW 7, A - > :^ ife ^ -r -5 1 S 
X^- 1/5^/7 ;PMR$:^-r¥®EI, 01 (B) > P A 2 , 

p B 23itjgfiE$nfc»«^R 1 ¥®0> 0 1 (c) it^±m^>yhu 
^i^jvwR 1 ^^Tw-mm. mi (d) ittmjEm^m(Du^^)i'WR 2 
^m-rwmm-c$>^^ mzit. amzyy hu^^ jiwr 1 . jslxs^jem 

-5. 
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; U S: ^ # ^ O S S 7t ^ « {3 J; 0 M it -r -5 IS ■(^ ffl $ n S V 7. - 5^ 
1 ~P 3 ;0^?>fj:^^ft/N°i«7 — >(Dli/\°iS'->P A 1 

M3iji^A^->*^e.;5:§T^^®ii/t^->p B 1 , PCI ttm^ 
^tiTv^^c ;in€,©^A°^->p A 1 ~p c 1 m.^mz^m.^n 

m^mm(Df^d^i§m^ 1 a (i/a«^j;t«i/4, 1/5^) t-r 

— >PA1~PC1 tMbTm^COfifiM^T, 2 2 i^CTtV-^ 
<t 0;^j:?)T^-r — 2 2 A, 2 2 B :^i^J^J5£$ tlT S. 

/cj:*3, M/'?^->P A 1 ~P C 1 0 lS:lKlI2T(i^l:i:±*l.i^ 
imo;liS'->T*^nTVi-5?5^\ mmJZltm^MH)^ UTn<D:t—:5^o:)A^ — 
>'C$)?}o Sfc. HI (A) <Z)A°^->l;i^LTH 1 (B) ~ (D) (D 

02) , yym^mxhTz^^^^x. xa^H (CaFa) m<Dytmj&^<D 

mmR±lZ^y.i7MntLX(Di7 al^ (Cr) , X\t^^ it'E^J-fy'y 
(MoSia ^) ^(D^HSrJgfiScb. CI (7D±l'm^^l/i^7, h Sr^^fU Dt^, 

m^^iaBsesffl^iT^A^— >p A i ~p c i tci^rjcs-rs 
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>P A 1 ~P C 1 ;^^J^B£$n-5„ 75:*3, ^iSillSScDf^*? 0 

- tf If - A fiS ia g K # t> ffi ffl ^ ^ :i 1 75^' T ^ ^ o 

cDu^i7 ji^mmr^. z.a^t^}sb. m,^u^m^m.\z^^mmmm\%\ 
-y'S:-mmm.\zmj&-^^z.ii-fy^x^^. ^(Dm-^. m^^jz\t'yj:j\±iz 
mm <Dm/'^i^->^^ti^n^tj.^m^±\zt&mvxNm.<D-7x^- 
i^=&mmm€^n^^f£^^^m'Amm(Dm^±izu^-r^znzj:-ox& 

^un[k<D-7'xi5^--^xi7±izmw:(D5^m/'^^-> m^m/-^^~» 
mi (B) it. ii^zyy hu^^ jvm7Bm(D^m:ti^7.. y^m^]^ 

1 (B) {C*5tiT, S«R 1 _h(;Dji^7\°^'->P A 2 ~P C 2 ti, 
3'-U5^i?;i/MR©ig/\'37 — >P A 1 ~P C 1 1 /aTK^ 

-r^ztiz^-^XM^-^nr:i'b<Dx$)^o Tjiii. mW-R 1 tLxit. y 
->PA2. PB2, pc2«, mm^\zmm^n^^m<^y'/'^-f x<D 
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T^-ST^-r p<> h X' — i7 2 3 A, 2 3 B*^'JgfiE$nTt/^-5o T 
^< ^ > h V— 2 3 A, 2 3 B m (Dn^ -> ^U/'^l^— XD—mzM 
^LT*5#. ji^/t^->PA2~P C 2 ^J^fife-r^l^fCl^Pf fCT^-f 
^>hV-i7 2 3 A, 2 3 B&J^figbTfcJ;Vi„ 

j1^a5'->p A2~pc 2 ^fes^R i±tj^fi£-r^i^{ctt, *-rs 

^©S^S7t^B*ffll'iTTX^-I/5^i';l'MR(D^iA°rJ'->P A 1 ~ 

p c 1 <z)^^$^/jN-fs^ 1 /aTS^i^-r^o mw.Ri±\zm 

Ai5'->P A 1 ~P C 1 C0*i|/hM&^Sg{I?gfig-r^^c86, 
(DUi^T.h^mmi.X^'O. iS/1^->P A 1 ~P C 1 <7)#tt, jS3tSI5 
/N*^' — >PA1~PC1 OM^jiT^SBi: LT^fiic-r'5fcS?>Ctt, EI 1 

X hmmm^m-r:it\z^-:>x. mw.R i ±tcjii)tA^->p a2~p 

C 2 ;5^*?]^^$nSo dCDJco fCLTS^SR 1 ±{w;®7t/N°3' — >P A 2 ~ 

(c) o&ffi->:7 h 1/5^^7 ;i/75t@ii$n^. 
0 1 (c) fc^3(/iT, ■Effiv:? Mx5=-i';i/WR 1 tt, 01 (b) (dM, 

^Ai$'->P A2~P C 2 W^rJc$tlfc*^R 1 IZ. mi^^(D&^^ 7t 
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(rad) T5-l±'5fiz:ffi->73' S A~SD<£?g^L^feODT35-5. Z(D^^ 

^>:7^ s A~s D«, tn^tiMmr^mytz-^^-yp A2<D&m:^\^ 

P A2 1 ~PA 2 3 J;0;5:^ii7t/N°3'->PA2 (^m/N°3'-» ODJ; 
\z2-^(Dm^n-$'-yp A2 1, PA2 2 1ZMLX i^<D&mzyy^^ 

:i(Df41B->:7^ S A~S D^?^^-r-5l?^{C«, S-riii^A^7->p A 
2~P C 2 ^JgfiKL/caSR 1 <Dmm\zm^(DUz^X h (y^hU'^X 

coui^xh^^^-r^^oizmyt^n^o ^lx. uz^7.h<Dmm^n 

OT. Ffr^<Dm-^iZ3Ly^>if-^nrzmmi&:m'>y:PSA'^SDtU 

-5. ;^*3, '^<D^-oizmw.^j:.y^>'ifLX&m'>y^ ft^n.t^Olz. 

^^o)mmm^m-r^m^m^mm-^^xhj^i,^o 
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gg^i- ^ /I iS' - > ■ft L TfiS H -r S C t ck D feffi 7 ^ JgfiEffl © T 7. 3^ - 

ffl0':7XA«tfe^T§<h. R»#gTji7t/t^->P A2~P C 2 2r 

'^#A:$'->T*^ji5tA^'->PA2~PC 2©il©ffi[c:, {4ffi->7 
iS'S A-SDtSjiS^tO^^^ (fisJA«^#^Cl. C2) OD0*^ 
T^U^mtLX^^^nXL^Oc 

^ZX\ :^mxit. HI (D) \Z^r^of3.&niyy [^U^i;)VWR 
l®j!l7tA^->PA2~PC 2 0Mi|l^^n-rn*< L/tA^->T 

* -sii^ A ^->PA3~pc3 Am^-^ nrz^iEmytm o juw 

R2S:f^©-r^o ii7feA^->PA 3~P C 3 (D^figtt, 'fiffi->7hl/ 
?d7;i/WR l(Dii^A^->PA2~PC 2 CDJ^^tliat, jt^H^t 

2 0«ipKJ$lSR 1 tl^^iTfe^) T^^SCOSj^STtSB^fflVi 
TVXr5'-1^5^i7JUMR(7)|gA^->P A 1 ~P C 1 ODi^/h#$i^^T 
^Zt\Zj:^xn^. tztzL. ^O^^, i^7tAi5'->P A2~PC2 

5i-gS) TlTtSfr^ C ttCcfcoT, ji7tA'^->PA2~PC 2 J:0 
'fe^il'i®*l/V'?^->S:Jgfi£-rSo Z<Drz>^. ji3tA^->P A 3tt. 
S«A^- >Ta&-5jil^AiS'- > P A 2 (DrtggSZ^Jf HSr^TiiTtglSi 
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MiZ. ^iEmytm(DU^i' Jl^WR 2 iZ'h. jt^A^ — >PA3-'PC 3 
t'jisf LTEf^cofiiBM^T, 2'DCO 2'A7fr — ^ jz'0:f3:^Ty-i ^> h 
^-i7 2 4 A. 2 4 B^?gfigbTi3<, 
5 ZOmiZ. > h V — ^ 2 4 A, 2 4 BSrji^A"^' — >P A 3 

^-f ^> 2 4 A. 2 4 B<Dmm.^-f3mT-r^:it^m±-r^tc 

ibiZ. )i7^/1^->P A 3 ~P C 3 (DS3tXgi«SlJCD^^i:STi«Vi 

I <D^mt£^'^^mi^-r^m^ m^^^cl, C2^) iz^jt^-r^m^ 

15 5^i7;pwR 1 <i:<»iES3tffl<75 l/5^i7;i.WR 2 i^-g-figSTt ( 2 MSt^) 

hi/f^^;i/WR 1 ^i&m-r^^hizj:o±c^^^rdimu^B^ myt) 

->P A 3 ~P C 3 \t. h U^i^JlWR 1 iDM^/-^^ — > P A 

20 2 ~P C 2 ck 0 -^fie^T^Bf t^^ggcofila-^t) 

iii^A^->P A 2 ~P C 2 ©*S/jN'^tC*f-r€.^^^«ilViflJ.iS*t^<5, 

/4*3. Ell (C) (D^m->y h U^i7 )IWR 1 (Dmyt^-^^-yP A2 
~PC 2 =&HtJ3£^=^5 3^l^t«2|^A°^->P A 2 l^tl^^ti 
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02 (A) ti, El (A) (D-^X^-U^^JlMRO^AAmzYii^U, 

±mmm^^i.. z(Dm2 (a) t-jst^iT, jim<Dmw.R±iz, 

p B 1 ^mm^nxi.^^, f^^fe, u^TTHji3tA°^->P i~p 3S:z>' 
^ <D $ii /jN ^ (7) M ia [pi ^ X ^ t L T itt ?g -r -5 o 

(B) <Dm^Ri±izm^/i^~>FA2, PB2^m^r^f^.<Dm^ 

R 1 -hCOTtSiSSr^L. ^(7)02 (B) (c^JV^T, ^$|!l«S«R 1 ODX 

.^^Tr^$n^^5t«E t hit:^si^m(Dy:thUi^xh^mm-r^a^iz 

ffi^A°:$'->PA2, PB2$S«Rl±{C?gfig-r§l^f3tt. St^ 
«^jiIEg3t«{C^^L, ji^A37->P 1 ~p 3, SZJt^A°^->P 
BlOmSr. ^tl^"n^ijrlX l~X4TJgfie-r§ (HI (B) #Bg) . 

m2 (c) ^iEs^ffl©i/5^/7;i.wR2oi!iiigt-t5t.^T, m 

1 (D) CD»^R2±(Cii>l£ni5'->PA3. PBS^^J^fiJcl-^I^CDS 
«R 2±(D^§t^§r^L, ;i©El2 (C) {-*3I,.t, SSR 2 ©X^^ltfJ 
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^^mm I mc (Dx^-f xm^^. &m.R 2 ±iz^n^tim^-^n^A;$f 
;L'Wr 1 ©ji^/i^->p A2. PB 2^m^T^m<Dm^m cmiEm 
— u^i?;uMR(73^g/'?^->p A 1 , p B 1 (Dm^m^VTmmm^ff 
p i~p 3 (Dm(DmBmi^{&^^rzii>. jki^^iimx 5 (D—Dcomyt/-^^— > 

PA3 (0 1 (D) #Hg) •^mgfi-^tl^. Sfc. i[ll5iA-^->T3&-5T 

^M<z)ii/N°^'->p B i(Dm^^^-r^t. m^^^^±i,^mmx e (DM 

3tA3'->P B 3;0^-J^fi£$n-5. ^©ji^A°^->P B 3 ©^tSX 6 
mytZ-i^-yPB 2<DmMX4 2:<0^is:<. Sfc. ji^A^->PA3 

cox:&[i&]roiisx 5«, s^R 1 izm^^ntcmyt/-^i^->p i cd^(d& 

i-x^iEmytm(Du^^)uwR2<Dmyt/-^^->^m^-T^.i:^\zLx 
p^N Ai(DjtcD{4 (=A/NA) izitm-r^Tzisb. ^iEmytm<Du^ 

^;PWR 2<7)ii^A°^->P A3, P B 3 /hSt/^M 

a^oy^^^m^^mmvxmjft^ff^^. ^m^^mf-^a^^oiz-r 

7^ # 5^ ® Bt ® X ^ <D jfi ^ t pj ^ M □ ^ 0 75^' E B $ tl -5 111 — © S ^ S ^ 

2 (Dmyty^^-yj^mzmi.. 't(D-^^mn'^r)\z^-:>xnm^^^<D 
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